US008064313B2

a2z United States Patent (10) Patent No.: US 8,064,313 B2
Horinouchi et al. (45) Date of Patent: Nov. 22,2011
(54) OPTICAL DISK, (58) Field of Classification Search ........................ None

RECORDING/REPRODUCING METHOD
THEREOEF, AND OPTICAL DISK APPARATUS

See application file for complete search history.

WITH EMPLOYMENT OF OPTICAL DISK (56) References Cited
(75) Inventors: Syougo Horinouchi, Fukuoka (JP); U.S. PATENT DOCUMENTS
Taiichi Mori, Fukuoka (JP); Hideaki 7,388,695 B2 6/2008 Lawrence etal.
Horio, Fukuoka (JP); Shohei Inoue, 2006/0280095 Al* 12/2006 Tsukagoshi et al. .......... 369/103
Fukuoka (JP) 2008/0267039 Al* 10/2008 Horinouchi etal. .......... 369/103
* cited by examiner
(73) Assignee: Panasonic Corporation, Osaka (JP)
(*) Noti Subiect © disclai thet i Primary Examiner — Christopher Lamb
otice: ubject to any disclaimer, the term of this i .
patent is extended or adjusted under 35 (74) Attorney, Agent, or Firm — Dickinson Wright PLL.C
U.S.C. 154(b) by 98 days. (57) ABSTRACT
(21) Appl. No.: 12/580,083 Then, in order to achieve the above-described object, in the
optical disk of the present invention, while micro-hologram
(22) Filed: Oct. 15,2009 layers 7 and 8 made of plural layers are provided in an inner
. L portion of a plate body 2 along a thickness direction of the
(65) Prior Publication Data plate body 2, dimensions of micro-holograms 4 along the
US 2010/0097916 Al Apr. 22, 2010 thickness direction of the plate body 2, which configure the
micro-hologram layer 7 formed on the side of one surface of
(30) Foreign Application Priority Data the plate body 2 within the micro-hologram layers 7 and 8
constructed of the plural layers, are made smaller than dimen-
Oct. 15,2008  (JP) coevveverccceccne 2008-266002 sions of micro-holograms 3 along the thickness direction of
the plate body 2, which configure a micro-hologram layer 8
(51) Int.CL formed on the side of an inner layer of the plate body 2.
G11B 7/00 (2006.01)
(52) US.CL oo 369/103 12 Claims, 7 Drawing Sheets
4
OL (WH/DVD/CD)
650,/785nm
; \ 3
I 12 13 WP 6
@ Lo |
LD(405nm) 3B GT — 1 g
f L.C.SA S~ =
Relay|Lens Compensator ——Lbo_; QP 15 o (MH/BD)

10 11 Servo Lens 18




US 8,064,313 B2

Sheet 1 of 7

Nov. 22, 2011

U.S. Patent

910d

94 A
8l SU9T OAJBS Ll ol
LI

ag 404 30H 6

miou%mmwmm_aoo sua/Ke|ay
T ]

B T U I T 1 PR Y T RN S 3 R 1 Y

................... /%x 27 Ed
2

) gl

g—

EE LR P R L T Y Y T T e amhe nm -

WuG8//089

L9l



US 8,064,313 B2

Sheet 2 of 7

Nov. 22, 2011

U.S. Patent

2N | Y

1
4
El
F]

HIAVINDIS o TR N SO Sy

oo { R M
L]

gM0019:8<

N\\\\\\\

S RTINS N |

?

ASIA 40 SSINMOIHL



US 8,064,313 B2

Sheet 3 of 7

Nov. 22, 2011

U.S. Patent

ﬁ SusT oAleg Ll ol

g 404 30H 6

(Qd/HW) 10 1012suUado] suaT|Ae|sy

ANTA
E=r=a 19 96 (WUG0p) a7

o1 @4

il

ol w0 Sy

¥

v
YOO b s

i)

IS

= e 45
=i
H

1
e it

ATy T

(9]

aiEiling
L I Y
o

o™

o

o

—

e

081( (G9/GAG/HK) 70 9 g8, /069

a0/0AQ/Q8/HA

I E



US 8,064,313 B2

Sheet 4 of 7

Nov. 22, 2011

U.S. Patent

0310 " (G0/aAI/HID 0 9

a0/0AG/08/HK 22

U7 OAJAS 1l
g 0} 304
B 17 AR S
A
S W— 1 N .
N 1% o moaa g/ N
0z

WUG8/ /059

v "Ol4



US 8,064,313 B2

Sheet S of 7

Nov. 22, 2011

U.S. Patent

U8 OA1DS Ll
a8 40} 30H
AQM\IﬁviﬂO | &3@ 3 Wm& hOM@%EQQEOQ V wcwl_ >m_®&
T 7 ¥ R
&ﬂﬂﬂw S (i (wu50p) @7
u.“.l....c..HH.-,..:.‘lunalnlnllntud.l.u....nﬂ.i,e: ...\.. “\‘_A_\L mgz .Q ._...)—
i |
ﬂ 12340 el mm\
0z ﬁ
010" (0/aAO/HD 0 9 158L/059
00/0A0/Q8/HN ¥2
NI



US 8,064,313 B2

Sheet 6 of 7

Nov. 22, 2011

U.S. Patent

010 /" (q/0AG/HT0 9
00/0A0/Q8/Hi 2

sus7 oAJeS bl 0l
g 104 J0H 6
07esuaduog sus[Ae |8y
¥S 0 ¥
AN[A
=19 8¢ (WuS0) QT
dlH 9 7 ﬁ@,d

¥

|

uugs/ /069

9 Ol4



US 8,064,313 B2

Sheet 7 of 7

Nov. 22, 2011

U.S. Patent

ce Le 8E
Rprw P i
< 7100 ONINOVHL Jd LINOHID
LT L TP N e fec ONIAIHA | 4\
! — P4 100 BNISN004 WY iyl
: ]
; e e e _ INAWFT3 o LINOHID -
” | g1 —ONINZITY LHOI cp | L ONISS300kd
" ||||||||||||||||||||| 1 L ’ “
NN [2Wd oo oninboc K
ONILOFHHOD | | HLONT 2yt (O wva]
- T¥OILdO 62
NOLIYHHIEY || 3AvM | a0\ | 6
WOIHIHAS || -2/t e LINN -
—— . 1 oNiAba < ow
NP va —(\A m w..q .IJmN
HOLINOW of, INDTOHINGD L hy
ALLLNVAD {HDI L ALILNYND LHOI 01 ¢ neo
6€ ot 7 ez
fommmmmeeaas q \Je q " LINN 10HINOD
........ S / d  HOLOW Aﬂv
...... o IN Y
WoiLdo [* 777 / ve
|
1INN TOHLNOD
\ / // Musméu anon K
r4: LE Y
(54 / / \
0¢ s 92



US 8,064,313 B2

1
OPTICAL DISK,
RECORDING/REPRODUCING METHOD
THEREOF, AND OPTICAL DISK APPARATUS
WITH EMPLOYMENT OF OPTICAL DISK

BACKGROUND

1. Field of the Invention

The present invention relates to an optical disk, a record-
ing/reproducing method of the optical disk, and an optical
disk apparatus with employment of the optical disk.

2. Description of the Related Art

Very recently, various sorts of technical ideas capable of
recording on recording media in a multi-layer manner have
been proposed in order to increase recording capacities of the
recording media.

In other words, in the recording media, micro-hologram
layers constructed of plural layers are formed in inner por-
tions of plate bodies along thickness directions of the plate
bodies. Since the micro-hologram layers are made in the
multi-layer structures, recording capacities of the recording
media become extremely large (refer to, for instance, below-
mentioned publication 1).

Patent Publication 1: U.S. Pat. No. 7,388,695

In the above-described conventional techniques, an NA
(numerical aperture) of a lens employed so as to form the
micro-hologram layers made of the plural layers in the inner
portions of the plate bodies is made small in order that light
may reach the inner portions of the plate bodies.

Then, while this lens is employed, micro-holograms hav-
ing the same dimensions are formed in a micro-hologram
layer provided on the side of a plate body, and furthermore, in
another micro-hologram layer provided on the side of an
inner layer of this plate body.

However, as previously explained, as to the micro-holo-
grams formed in the respective micro-hologram layers by
employing the lens having such a small NA, dimensions of
these micro-holograms along a thickness direction of the
plate body become longer. As a result, a large number of the
above-described micro-hologram layers cannot be formed
within the plate body, which may impede that recording
capacities thereof are increased.

SUMMARY

Under such a circumstance, the present invention has an
object capable of achieving an increase of a recording capac-
ity.

Thus, in order to achieve the above-described object, the
present invention provides with a optical disk comprising a
plate body, and a plurality of micro-hologram layers formed
in an inner portion of the plate body along a thickness direc-
tion of the plate body, wherein dimensions along the thick-
ness direction of the plate body of micro-holograms which
configure a micro-hologram layer formed on a side of one
surface of the plate body among the plurality of micro-holo-
gram layers, are made smaller than dimensions along the
thickness direction of the plate body of micro-holograms
which configure a micro-hologram layer formed on a side of
an inner layer of the plate body.

As previously described, in accordance with the present
invention, while the micro-hologram layers constructed by
employing the plurality of layers are formed in the inner
portion of the plate body along the thickness direction of the
above-described plate body, the dimensions of the micro-
holograms along the thickness direction of the plate body,
which configure one micro-hologram layer formed on the
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side of one surface of the plate body within the micro-holo-
gram layers constructed of the plural layers, are made smaller
than the dimensions of the micro-holograms along the thick-
ness direction of the plate body, which configure another
micro-hologram layer formed on the side of an inner layer of
the plate body. As a result, a recording capacity thereof can be
increased.

In other words, in the present invention, the dimensions of
the micro-holograms along the thickness direction of the
plate body, which configure one micro-hologram layer
formed on the side of one surface of the plate body within the
micro-hologram layers constructed of the plural layers, are
made smaller than the dimensions of the micro-holograms
along the thickness direction of the plate body, which config-
ure another micro-hologram layer formed on the side of an
inner layer of the plate body. As a consequence, a larger
number of the micro-hologram layers can be formed along
the thickness direction of the plate body. As a result, the
recording capacity thereof can be increased.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram for
mode of the present invention.
FIG. 2 is a block diagram for
mode of the present invention.
FIG. 3 is a block diagram for
mode of the present invention.
FIG. 4 is a block diagram for
mode of the present invention.
FIG. 5 is a block diagram for
mode of the present invention.
FIG. 6 is a block diagram for
mode of the present invention.
FIG. 7 is a control block diagram for indicating an embodi-
ment mode of the present invention.

showing an embodiment
showing an embodiment
showing an embodiment
showing an embodiment
showing an embodiment

showing an embodiment

DETAILED DESCRIPTION

Referring now to the accompanying drawings, a descrip-
tion is made of an embodiment mode of the present invention.

FIG. 1 indicates an optical disk apparatus capable of
recording/reproducing a micro-hologram disk (MH), a CD, a
DVD, and a BD as recording media.

Firstly, a description is made of recording/reproducing
operations by the optical disk apparatus in such a case that a
micro-hologram disk (MN) 1 is employed as a optical disk.

The micro-hologram (MH) 1 shown in FIG. 1 is configured
of'a disk-shaped plate body 2. Although not shown in FIG. 1,
a driving shaft is inserted to a through hole formed in a center
portion of the disk-shaped plate body 2, so that the micro-
hologram disk (MH) 1 is driven in a rotation manner by the
driving shaft.

As represented in FIG. 2, the micro-hologram disk (MH) 1
employed in the present embodiment mode is such a disk that
micro-holograms 3 and 4 are previously formed inside the
plate body 2. In other words, as to the micro-hologram disk
(MH) 1, the micro-holograms 3 and 4 are previously formed
in the internal portion of the plate body 2 by utilizing the
technique of the above-described patent publication 1. When
the micro-hologram disk (MH) 1 is recorded, light is irradi-
ated to the micro-holograms 3 and 4 so as to cause an optical
alteration, and the micro-holograms 3 and 4 to which light is
not irradiated are brought into such a situation that original
situations thereof are held. As a result, the micro-hologram
disk (MH) 1 can perform a so-called “digital recording opera-
tion” of “1” and “0
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Then, when the micro-hologram disk (MH) 1 is repro-
duced, the above-described digital signals of “1” and “0”
formed based upon such a situation whether or not the micro-
holograms 3 and 4 are optically altered can be obtained. As a
result, the micro-hologram disk (MH) 1 can perform a digital
reproducing operation.

As to a feature point in the present embodiment mode, as
represented in FIG. 2, the micro-hologram disk (MH) 1 has a
micro-hologram layer 7 provided on the side of one surface of
the plate body 2 (on the side of lenses 5 and 6 of FIG. 1,
namely, on the side of recording plane), and another micro-
hologram layer 8 provided from an inner layer of the plate
body 2 to the other surface side thereof. In other words, the
micro-hologram disk (MH) 1 has the micro-hologram layer 7
constructed of the micro-holograms 4, and the micro-holo-
gram layer 8 constructed of the micro-holograms 3.

Concretely speaking, as to the micro-hologram layer 7, 23
layers are present, whereas as to the micro-hologram layer 8,
30 layers are present.

Also, as shown in FIG. 2, dimensions as to the micro-
holograms 4 which construct the micro-hologram layer 7
along a thickness direction of the plate body 2 are made
smaller than dimensions as to the micro-holograms 3 which
construct the micro-hologram layer 8 (for instance, micro-
holograms 4: micro-holograms 3=1:3).

Moreover, as to dimensions along a direction perpendicu-
lar to the thickness direction of the plate body 2, the dimen-
sions of the micro-holograms 4 which construct the micro-
hologram layer 7 are made smaller than those of the micro-
holograms 3 which construct the micro-hologram layer 8 (for
instance, micro-holograms 4: micro-holograms 3=1:1.5).

As a consequence, a recording capacity of the above-de-
scribed micro-hologram disk (MH) 1 equipped with the plate
body 2 having such a structure that all of the micro-hologram
layers (namely, layer portion 7 and layer portion 8) are con-
figured by the micro-holograms 3 and 4 can be increased two,
or more times larger than a recording capacity of such a
micro-hologram disk equipped with the plate body 2 that all
of the micro-hologram layers 7 and 8 are configured by the
micro-holograms 3.

In other words, even if only the dimensions of the micro-
holograms 4 which configure the micro-hologram layer 7
along the thickness direction of the plate body 2 are made
smaller than those of the micro-holograms 3 which configure
the micro-hologram layer 8 (for instance, micro-holograms 4:
micro-holograms 3=1:3), then the resultant recording capac-
ity of the micro-hologram disk 1 can be increased two, or
more times larger than that constructed of only the micro-
holograms 3. However, if the dimensions of the micro-holo-
grams 4 which configure the micro-hologram layer 7 along
the direction perpendicular to the thickness direction of the
plate body 2 are also made smaller than those of the micro-
holograms 3 which configure the micro-hologram layer 8 (for
example, micro-holograms 4: micro-holograms 3=1:1.5),
then the resultant recording capacity of the micro-hologram
disk 1 can be furthermore increased.

Also, the micro-holograms 4 and the micro-holograms 3
can be formed at the same time by increasing NAs oflenses in
such a case that the dimensions of the micro-holograms 4
which configure the micro-hologram layer 7 along the thick-
ness direction of the plate body 2 are made smaller than those
of the micro-holograms 3 which configure the micro-holo-
gram layer 8 (for instance, micro-holograms 4: micro-holo-
grams 3=1:3), and furthermore, the dimensions of the micro-
holograms 4 which configure the micro-hologram layer 7
along the direction perpendicular to the thickness direction of
the plate body 2 are also made smaller than those of the
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micro-holograms 3 which configure the micro-hologram
layer 8 (for example, micro-holograms 4: micro-holograms
3=1:1.5).

It should also be noted that in the present embodiment
mode, a thickness ratio of the micro-hologram layer 7 with
respect to the micro-hologram layer 8 is nearly equal to,
micro-hologram layer 7: micro-hologram layer 8=1:4.

Now, a brief description is made of forming of the above-
described micro-hologram disk (MH) 1.

Firstly, as can also be understood from FIG. 2, since the
micro-holograms 3 which construct the micro-hologram
layer 8 are required to be similarly formed in the inner layer
of the plate body 2, lenses used to form these micro-holo-
grams 3 are arranged on both planes of a master hologram
disk (not shown), the NAs of which are small.

In contrast to the above-described micro-holograms 3, as
can also be understood from FIG. 2, since the micro-holo-
grams 4 which construct the micro-hologram layer 7 may be
merely formed only on the side of one surface of the plate
body 2, lenses used to form these micro-holograms 4 are
arranged on both sides of the master hologram disk (not
shown), the NAs of which are large. It should also be noted
that as to a lens (not shown) positioned opposite to the lens 5,
such a lens is required whose diameter is extremely large even
if the NA of this lens is equal to the NA of the lens 5.

Then, a conjugate hologram disk (not shown) was formed
from the master hologram disk manufactured in the above-
described manner, and the above-explained micro-hologram
disk (MH) 1 is formed by utilizing this conjugate hologram
disk.

As previously described, in such a case that the master
hologram disk is formed, as to the lens positioned opposite to
the lens 5, such a lens is required whose diameter is extremely
large even if the NA of this lens is equal to the NA of the lens
5. However, it should be understood that such a lens having
the extremely large diameter is required in a manufacturing
factory (not shown) of the master hologram disk and the
micro-hologram disk (MH) 1 in an optical disk apparatus for
performing recording and reproducing operations with
employment of the micro-hologram (MH) 1 where the micro-
hologram layers 7 and 8 are formed (as represented in FIG. 2),
the optical disk apparatus can be arranged by employing only
two pieces of the lens 6 and the lens 5 whose NA is larger than
the NA of the lens 6, the optical disk apparatus is not made
bulky.

In the present embodiment mode, the structure shown in
FIG. 1 is employed in order to perform recording and repro-
ducing operations with employment of the micro-hologram
disk (MH) 1 represented in FIG. 2.

Firstly, a description is made of recording and reproducing
operations with respect to the micro-hologram layer 7 formed
on the side of one surface of the plate body 2 with reference to
FIG. 1 and FIG. 2.

Blue laser light emitted from a laser diode 9 passes through
a relay lens 10 which collimates the laser light, so as to
produce collimated laser light, a beam splitter 11, a liquid
crystal type Y2(half)-wavelength plate 12, a spherical aberra-
tion correcting element 13, another beam splitter 14, and a
Va(quarter)-wavelength plate 15, and then, the passed laser
light is irradiated via the lens 5 to a target micro-hologram 4
of the micro-hologram layer 7.

At this time, since the recording operation is carried out,
while intensity of the laser light to be irradiated to the micro-
holograms 4 is increased (namely, intensity of laser light
during recording operation is approximately 10 times higher
than that of reading operation), the micro-hologram 4 to
which the laser light is irradiated causes an optical alteration,
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whereas the micro-hologram 4 to which the laser light is not
irradiated does not cause an optical alteration. In other words,
a digital recording operation based upon so-called “digital
signals” of “1” and “0” is carried out by the above-described
optical alterations.

It should also be noted that although the beam splitter 11
may pass therethrough the blue laser light, the beam splitter
11 may not pass therethrough red laser light and infrared laser
light.

Also, the polarization direction of the liquid crystal type
Vh-wavelength plate 12 may be changed by applying thereto
voltages. In the case of FIG. 1, the liquid crystal type Y-
wavelength plate 12 is under OFF state.

Further, the beam splitter 14 passes therethrough P-polar-
ized light, and reflects thereon S-polarized light.

Next, a description is made of a signal reproducing opera-
tion as to the micro-hologram layer 7.

A broken line of FIG. 1 indicates situations when the signal
reproducing operation is carried out. At this time, since the
intensity of the laser light to be irradiated to the micro-holo-
grams 4 is decreased (namely, intensity of laser light during
reproducing operation is equal to approximately Yo intensity
of laser light during recording operation), the micro-holo-
grams 4 of the micro-hologram layer 7 do not cause optical
alteration, but reflection waves reflected from the micro-ho-
lograms 4 are continuously received by a light receiving
element 16 so as to acquire a reproduction signal.

Since the reflection waves reflected from the micro-holo-
grams 4 once pass through the Y4-wavelength plate 15 before
the reflection waves reach the lens 5, the reflection waves
again pass through the Y4-wavelength plate 15 as the reflec-
tion waves, so that the P-polarized light thereof becomes
S-polarized light. As a result, the S-polarized light is reflected
on the beam splitter 14, and thereafter, the reflected S-polar-
ized light passes through another spherical aberration correct-
ing element 17, a BD tracking-purpose element 18, and a
focal point adjusting lens 19, and then, reaches the light
receiving element 16 in the above-explained manner.

Next, FIG. 3 shows recording and reproducing operations
with respect to the micro-hologram layer 8 formed from the
inner layer to the other surface side of the plate body 2,
namely, with respect to the micro-hologram layer 8 con-
structed of the micro-holograms 3.

In this case, since the voltage is applied to the liquid crystal
type V2-wavelength plate 12, the blue laser light emitted from
the laser diode 9 is polarized so as to obtain S-polarized light,
and then, the S-polarized blue laser light is reflected on the
beam splitter 14.

The blue laser light reflected from the beam splitter 14 is
reflected on a beam splitter 20 which reflects thereon all of
laser light, and then, the reflected blue laser light passes
through a V4(quarter)-wavelength plate 21, and thereafter, is
irradiated via the lens 6 to a target micro-hologram 3 of the
hologram layer 8 (since NA of lens 6 is smaller than NA of
lens 5, reflected laser light may reach inner portion of micro-
hologram layer 8).

At this time, since the recording operation is carried out,
while the intensity of the laser light to be irradiated to the
micro-hologram 3 is increased (namely, intensity of laser
light during recording operation is approximately 10 times
higher than that of reading operation), the micro-hologram 3
to which the laser light is irradiated causes an optical alter-
ation, whereas the micro-hologram 3 to which the laser light
is not irradiated does not cause an optical alteration. In other
words, a digital recording operation based upon so-called
“digital signals” of “1” and “0” is carried out by the above-
described optical alterations.
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Next, adescription is made of a reproducing operation with
respect to the micro-hologram layer 8.

A broken line of FIG. 3 indicates situations when a signal
reproducing operation is carried out. At this time, since the
intensity of the laser light to be irradiated to the micro-holo-
grams 3 is decreased (namely, intensity of laser light during
reproducing operation is equal to approximately Yo intensity
of laser light during recording operation), the micro-holo-
grams 3 of the micro-hologram layer 8 do not cause optical
alteration, but reflection waves reflected from the micro-ho-
lograms 3 are continuously received by the light receiving
element 16 so as to acquire a reproduction signal.

Since the reflection waves reflected from the micro-holo-
grams 3 once pass through the Y4-wavelength plate 21 before
the reflection waves reach the lens 6, the reflection waves
again pass through the Y4-wavelength plate 21 as the reflec-
tion waves, so that the S-polarized light thereof becomes
P-polarized light. As a result, the P-polarized light is reflected
on the beam splitter 20, and thereafter, the reflected P-polar-
ized light passes through the beam splitter 14. Next, the
passed P-polarized light passes through the spherical aberra-
tion correcting element 17, the BD tracking-purpose element
18, and the focal point adjusting lens 19, and then, reaches the
light receiving element 16 in the above-explained manner. It
should also be understood that the beam splitter 20 may be
alternatively substituted by a mirror.

FIG. 4 represents such a condition that the lens 6 is utilized
as a lens capable of recording and reproducing signals
on/from a CD 22.

In other words, in the CD 22, signals are recorded on a
plane of the CD 22 that is separated apart from the lens 6, or
the signals are read out from this plane. As a result, the lens 6
having the small NA may be utilized.

Inthis case, infrared laser light is emitted from a laser diode
23, the emitted infrared laser light is reflected on the beam
splitter 11, and then, is polarized to become S-polarized light
by applying the voltage to the liquid crystal type Y2-wave-
length plate 12, and thereafter, the S-polarized light is
reflected on the beam splitter 14.

The infrared laser light reflected from the beam splitter 14
is reflected on the beam splitter 20 which reflects thereon all
oflaser light, and then, the reflected infrared laser light passes
through the Y4(quarter)-wavelength plate 21, and thereafter, is
irradiated via the lens 6 to a target portion of the CD 22 (since
NA of lens 6 is smaller than NA of lens 5, reflected infrared
laser light may reach inner portion of CD 22).

At this time, since a recording operation of the CD 22 is
carried out, the intensity of the infrared laser light to be
irradiated to the CD 22 is increased, as compared with that
when a reading operation is carried out. As a result, a record-
ing operation with respect to the laser-irradiated CD 22 can be
carried out.

Next, adescription is made of a reproducing operation with
respect to the CD 22.

A broken line of FIG. 4 shows situations when a signal
reproducing operation is carried out. At this time, since the
intensity of the infrared laser light to be irradiated to the CD
22 is decreased, as compared with that when the signal
recording operation is carried out, reflection waves reflected
from the CD 22 are continuously received by the light receiv-
ing element 16 so as to acquire a reproduction signal.

Since the reflection waves reflected from the CD 22 once
pass through the 4-wavelength plate 21 before the reflection
waves reach the lens 6, the reflection waves again pass
through the V4-wavelength plate 21 as the reflection waves, so
that the S-polarized light thereof becomes P-polarized light.
As a result, the P-polarized light is reflected on the beam
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splitter 20, and thereafter, the reflected P-polarized light
passes through the beam splitter 14. Next, the passed P-po-
larized light passes through the spherical aberration correct-
ing element 17, the BD tracking-purpose element 18, and the
focal point adjusting lens 19, and then, reaches the light
receiving element 16 in the above-explained manner.

FIG. 5 indicates such a condition that the lens 6 is utilized
as a lens capable of recording and reproducing a DVD 24.

In other words, in the DVD 24, signals are recorded on a
plane (center portion) of the DVD 24 that is separated from
the lens 6, or the signals are read out from this plane. As a
result, the lens 6 having the small NA may be utilized.

In this case, infrared laser light is emitted from the laser
diode 23, the emitted infrared laser light is reflected on the
beam splitter 11, and then, is polarized to become S-polarized
light by applying the voltage to the liquid crystal type V2-
wavelength plate 12, and thereafter, the S-polarized light is
reflected on the beam splitter 14.

The infrared laser light reflected from the beam splitter 14
is reflected on the beam splitter 20 which reflects thereon all
oflaser light, and then, the reflected infrared laser light passes
through the Y4(quarter)-wavelength plate 21, and thereafter, is
irradiated via the lens 5 to a target portion of the DVD 24
(since NA of lens 6 is smaller than NA of lens 5, reflected
infrared laser light may reach inner portion of DVD 24).

At this time, since a recording operation of the DVD 24 is
carried out, the intensity of the infrared laser light to be
irradiated to the DVD 24 is increased, as compared with that
when a reading operation is carried out. As a result, a record-
ing operation with respect to the laser-irradiated DVD 24 can
be carried out.

Next, a description is made of a reproducing operation with
respect to the DVD 24.

A broken line of FIG. 5 shows situations when a signal
reproducing operation is carried out. At this time, since the
intensity of the infrared laser light to be irradiated to the DVD
24 is decreased, as compared with that when the signal
recording operation is carried out, reflection waves reflected
from the DVD 24 are continuously received by the light
receiving element 16 so as to acquire a reproduction signal.

Since the reflection waves reflected from the DVD 24 once
pass through the 4-wavelength plate 21 before the reflection
waves reach the lens 6, the reflection waves again pass
through the V4-wavelength plate 21 as the reflection waves, so
that the S-polarized light thereof becomes P-polarized light.
As a result, the P-polarized light is reflected on the beam
splitter 20, and thereafter, the reflected P-polarized light
passes through the beam splitter 14. Next, the passed P-po-
larized light passes through the spherical aberration correct-
ing element 17, the BD tracking-purpose element 18, and the
focal point adjusting lens 19, and then, reaches the light
receiving element 16 in the above-explained manner.

FIG. 6 shows such a condition that the lens 5 is utilized as
a lens capable of recording and reproducing a BD 25.

In other words, in the BD 25, signals are recorded on a disk
plane of the BD 25 that is located in the vicinity of the lens 5,
or the signals are read out from this disk plane. As a result, the
lens 5 having the large NA can be utilized.

A first description is made of a recording operation of the
BD 25 with reference to FIG. 6.

Blue laser light emitted from the laser diode 9 passes
through the relay lens 10, the beam splitter 11, the liquid
crystal type V2-wavelength plate 12, the spherical aberration
correcting element 13, the beam splitter 14, and the Y4-wave-
length plate 15, and then, is irradiated via the lens 5 to a target
portion of the BD 25.
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At this time, since a recording operation is carried out,
intensity of the blue laser light to be irradiated to the BD 25 is
made higher than that when a reading operation is carried out.
As a result, the recording operation is carried out with respect
to the BD 25 to which the blue laser light was irradiated.

It should be noted that since no voltage is applied to the
liquid crystal type Y2-wavelength plate 12, the polarization
direction is not changed by the 2-wavelength plate 12.

Next, adescription is made of a reproducing operation with
respect to the BD 25.

A broken line of FIG. 6 shows situations when a signal
reproducing operation is carried out. At this time, since the
intensity of the blue laser light to be irradiated to the BD 25 is
decreased, as compared with that when the signal recording
operation is carried out, reflection waves retlected from the
BD 25 are continuously received by the light receiving ele-
ment 16 so as to acquire a reproduction signal.

Since the reflection waves reflected from the BD 25 once
pass through the 4-wavelength plate 15 before the reflection
waves reach the lens 5, the reflection waves again pass
through the V4-wavelength plate 15 as the reflection waves, so
that the P-polarized light thereof becomes S-polarized light.
As a result, the S-polarized light is reflected on the beam
splitter 14. Next, the passed S-polarized light passes through
the spherical aberration correcting element 17, the BD track-
ing-purpose element 18, and the focal point adjusting lens 19,
and then, reaches the light receiving element 16 in the above-
described manner.

Referring now to FIG. 7, a description is made of a control
system of the above-described optical disk apparatus. In FIG.
7,a CPU 27, a ROM 28, a RAM 29, a liquid crystal control
unit 30, and a motor control unit 34 are provided on a board
26. The ROM 28 stores therein a control program, and the
like. The RAM 29 is used as a buffer for buffering data of the
micro-hologram disk 1, or the like. The liquid crystal control
unit 30 controls the Y2-wavelength plane 12, and the spherical
aberration correcting element 13. The motor control unit 34
controls a motor 31 that rotates an optical disk such as the
micro-hologram disk 1, and a motor 33 that drives an optical
unit 32.

In this case, a pickup 35, a focusing coil 36, a tracking coil
37, and a pickup driving circuit 38 are provided in the optical
unit 32. The pickup 35 holds thereon the lens 5 and the lens 6.
The focusing coil 36 and the tracking coil 37 drive the pickup
35. The pickup driving circuit 38 controls driving operations
of the focusing coil 36 and the tracking coil 37.

In addition, an LD light quantity control unit 40, LD driv-
ing units 41 and 42, and also, a processing circuit 43 are
provided on the board 26. The LD light quantity control unit
40 controls the laser diodes 9 and 23 based upon a monitoring
result obtained from a light quantity monitor 39. The LD
driving units 41 and 42 drive the laser diodes 9 and 23. The
processing circuit 43 controls the light receiving element 16
and the pickup driving circuit 38. The respective circuits
provided on the board 26 are connected to each other by a bus
45.

It should also be noted that although the above-described
light quantity monitor 39 is not indicated in the above-ex-
plained optical system of the present embodiment mode, the
light quantity monitor 39 monitors light quantities of the laser
diodes 9 and 23.

It should also be understood that an intermediate optical
system 44 shown in FIG. 7 corresponds to such an optical
system as represented in FIG. 1.
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A description is made of operations in such a case that the
micro-hologram disk 1 is recorded by operating an optical
disk apparatus arranged with the above-explained control
system.

For instance, in the case that signals are recorded on the
micro-hologram layer 7 which is located on the side of the
surface layer of the recording plane of the micro-hologram
disk 1, the blue laser light emitted from the laser diode 9 is
collected via the intermediate optical system 44 to target
micro-holograms 4 by the lens 5, so that the signal recording
operation is carried out based upon data stored in the RAM
29.

At this time, the liquid crystal control unit 30 operates the
spherical aberration correcting element 13 in order to correct
the spherical aberration, and also drives the focusing coil 36
and the tracking coil 37, so that the blue laser light emitted
from the laser diode 9 may be firmly collected to the target
micro-holograms 4.

Further, since light quantities of the laser diode 9 are moni-
tored by the light quantity monitor 39, the LD driving unit 42
is controlled by the LD light quantity control unit 40 in such
a manner that the monitored light quantity may become a
proper light quantity.

It should also be understood that when signals are recorded
on the micro-hologram layer 8 which is located on the side of
the inner layer of the micro-hologram disk 1, while the V-
wavelength plate 12 is brought into the ON state, the blue
laser light passes through such an optical path as represented
in FIG. 3, which is different from the optical path shown in
FIG. 1, so that the signals are recorded on the micro-hologram
layer 8 by the lens 6.

While the recording operation for the micro-hologram disk
1 has been described in the above exemplification, a repro-
ducing operation for the micro-hologram disk 1 is carried out
in a similar manner, namely, reflection light reflected from the
micro-hologram layer 7, or 8 is received by the light receiving
element 16, and thus, the reflection light received by the light
receiving element 16 is read out as data by operating the
processing circuit 43 under control of the CPU 27.

Also, as to recording/reproducing operations with respect
to a BD, a DVD, and a CD, the optical disk apparatus is
operated by employing the above-described control system in
similar manners to the conventional manners.

It should also be understood that the above-described lens
5 employed in the present embodiment mode corresponds to
a BD-purpose lens, and the BD-purpose lens 5 having
NA=0.85 was employed. Further, the above-explained lens 6
corresponds to a CD/DVD-purpose lens, while such a
CD/DVD-purpose lens has two sorts of numerical apertures
(NAs), namely, NA=0.65 (used for DVD) and NA=0.52 (used
for CD). In such a case that the recording and reproducing
operations are carried out with respect to the above-described
micro-hologram disk 1, the lens 6 was employed as the lens
having NA=0.52, namely the CD-purpose lens.

It should also be noted that when the recording/reproduc-
ing operations are carried out with respect to the micro-
hologram disk 1, although the lens 6 was used as such a
CD-purpose lens having NA=0.52, the lens 6 may be alterna-
tively used as a DVD-purpose lens having NA=0.65.

As previously described, the present invention is featured
as follows: That is, while micro-hologram layers constructed
by employing a plurality of layers are formed in an inner
portion of a plate body of a micro-hologram disk along a
thickness direction of the above-described plate body, dimen-
sions of micro-holograms along the thickness direction of the
plate body, which configure a micro-hologram layer formed
on the side of one surface of the plate body within the micro-
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hologram layers constructed of the plural layers, are made
smaller than dimensions of micro-holograms along the thick-
ness direction of the plate body, which configure a micro-
hologram layer formed on the side of an inner layer of the
plate body. As a result, a recording capacity of the micro-
hologram disk can be increased.

In other words, in accordance with the present invention,
the dimensions of the micro-holograms along the thickness
direction of the plate body, which configure one micro-holo-
gram layer formed on the side of one surface of the plate body
within the micro-hologram layers constructed of the plural
layers, are made smaller than the dimensions of the micro-
holograms along the thickness direction of the plate body,
which configure another micro-hologram layer formed on the
side of an inner layer of the plate body. As a consequence, a
larger number of the micro-hologram layers can be formed
along the thickness direction of the plate body. As a result, the
recording capacity of the micro-hologram disk can be
increased.

Accordingly, the micro-hologram disk can be expected to
be widely utilized as recording media for various sorts of
optical disk apparatus.

This application claims the benefit of Japanese Patent
application No. 2008-266002 filed on Oct. 15, 2008, the
entire contents of which are incorporated herein by reference.

What is claimed is:

1. An optical disk, comprising:

a plate body; and

a plurality of micro-hologram layers formed in an inner

portion of the plate body along a thickness direction of
the plate body,

wherein dimensions along the thickness direction of the

plate body of micro-holograms which configure a
micro-hologram layer formed on a side of one surface of
the plate body among the plurality of micro-hologram
layers, are made smaller than dimensions along the
thickness direction of the plate body of micro-holo-
grams which configure a micro-hologram layer formed
on a side of an inner layer of the plate body.

2. The optical disk as claimed in claim 1, wherein dimen-
sions of the micro-holograms along a direction perpendicular
to the thickness direction of the plate body, which configure
the micro-hologram layer formed on the side of the one sur-
face of the plate body, are made smaller than dimensions of
the micro-holograms along the direction perpendicular to the
thickness direction, which configures the micro-hologram
layer formed on the side of the inner layer of the plate body.

3. The optical disk as claimed in claim 1, wherein: a thick-
ness of the micro-hologram layer formed on the side of the
one surface of the plate body along the plate thickness direc-
tion is made thinner than a thickness of the micro-hologram
layer formed on the side of the inner layer thereof along the
plate thickness direction.

4. The optical disk as claimed in claim 1, wherein: the
dimensions as to the plurality of micro-holograms which
configure the micro-hologram layer formed on the side of the
one surface of the plate body are substantially equal to each
other.

5. The optical disk as claimed in claim 1, wherein: the
dimensions as to the plurality of micro-holograms which
configures the micro-hologram layer formed on the side of
the inner layer are substantially equal to each other.

6. The optical disk as claimed in claim 1 wherein: the one
surface side of the plate body corresponds to a recording
plane side of the plate body.

7. An optical disk apparatus, comprising:

a light source irradiating light to a hologram disk;
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afirst lens collecting the light emitted from the light source
to a hologram layer formed on the side of a recording
plane of the hologram disk; and

a second lens collecting the light emitted from the light

source to a hologram layer formed on the side of an inner
layer of the hologram disk, wherein:

an NA (numerical aperture) of the first lens is made larger

than an NA of the second lens.

8. The optical disk apparatus as claimed in claim 7 wherein:
the first lens is commonly used as a lens for recording a BD
(Blu-ray disk), and a lens for reproducing the BD.

9. The optical disk apparatus as claimed in claim 7,
wherein: the second lens is commonly used as a lens for
recording and reproducing at least one of a DVD (digital
versatile disk) and a CD (compact disk).

10. The optical disk apparatus as claimed in claim 9
wherein: when either a recording operation or a reproducing
operation is carried out with respect to the hologram layer
formed on the side of the inner layer of the hologram disk, the
NA of the second lens is equal to the NA thereof when a
recording operation for the CD is carried out.

11. The optical disk apparatus as claimed in claim 7, further
comprising: a light source recording or reproducing at least
one of the DVD and CD; wherein the light source is utilized
as a light source for the BD.
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12. A recording/reproducing method of an optical disk
which includes a date body and a plurality of micro-hologram
layers formed in an inner portion of the plate body along a
thickness direction of the plate body, wherein dimensions
along the thickness direction of the plate body of micro-
holograms which configure a micro-hologram layer formed
on a side of one surface of the plate body among the plurality,
of micro-hologram layers, are made smaller than dimensions
along the thickness direction of the plate body of micro-
holograms which configure a micro-hologram layer formed
on a side of an inner layer of the plate body, the method
comprising:

irradiating light to the optical disk;

collecting, by a first lens, the light emitted from the light

source to form the micro-holograms which configure the
micro-hologram layer formed on the side of the one
surface of the plate body; and

collecting, by a second lens, the light emitted from the light

source to form the micro-holograms which configure the
micro-hologram layer formed on the side of the inner
layer of the plate body, wherein:

an NA of the first lens is made larger than an NA of the

second lens.



